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(57) Tripping of a circuit breaker (11) by an arc fault 
detector (33) is blocked by a disable circuit (51) upon 
detection of a transient associated with cold turn-on of 
an incandescent bulb powered by a dimmer. The peak 
value of pulses generated by the bandpass filter (41 ) of 
the arc detector in response to step increases in the ac 
current is decayed approximately exponentially. The 



amplitude of each pulse is compared with upper and 
lower percentage limits of the decaying peak value. If 
the amplitudes of the pulses remain below the upper 
threshold for about 3 to 4 half cycles and exceed the 
lower threshold each half cycle, a dimmer transient is 
identified and logic is set to block generation of a false 
arc signal. 
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Description 

BACKGROUND OF THE INVENTION 
Field of the Invention 

[0001] This invention relates to apparatus responsive 
to arc faults and particularly to such apparatus which 
responds to the step changes in current produced when 
an arc is struck, but which discriminates against the step 
changes in current produced by a dimmer, and espe- 
cially a dimmer used with a tungsten bulb that produces 
a large transient in dimmer current at cold turn on. 

Background Information 

[0002] Arc faults can occur in electrical systems, for 
instance between adjacent paired conductors, between 
exposed ends of broken conductors, at a faulty connec- 
tion where carbon deposits have collected on adjacent 
terminals oroutlets, and other situations where conduct- 
ing elements are in close proximity. Arc faults in ac sys- 
tems can be intermittent; however, arcs caused by car- 
bon deposits can occur regularly in successive half cy- 
cles. 

[0003] Arc faults typically have high resistance so that 
the arc current is below the instantaneous or magnetic 
trip threshold of the conventional circuit breakers. Also, 
the intermittent nature of an arc fault can create an rms 
current value that is below the thermal or delayed trip 
threshold for such circuit breakers. Even so, the arcs 
can cause damage or start a fire if they occur near com- 
bustible materials. It is not practical to simply lower the 
pick-up currents on conventional circuit breakers as 
there are many typical loads which draw similar currents 
and which would, therefore, cause nuisance trips. 
[0004] Much attention has been directed to trying to 
distinguish arcing currents from other intermittent cur- 
rents. One approach recognizes that arc faults can gen- 
erate a step increase in current when the arc is struck. 
However, many typical loads generate a similar step in- 
crease when a device is turned on. In many cases, the 
step increase produced by a load is a singular event and 
can be distinguished from an arc fault which generates 
repetitive step increases by counting step increases 
during an interval such as a few half cycles. A more so- 
phisticated variant of this type of arc fault detector main- 
tains a time-attenuated accumulation of step increases 
in current and generates a trip when a selected level of 
the accumulation is reached. This type of detector pro- 
vides a faster trip on large step increases while reducing 
nuisance trips. 

[0005] A dimmer circuit provides unique problems for 

an arc fault detector which responds to the step increas- 
es generated by the striking of an arc, A dimmer, when 
phased back, produces a pattern of step increases in 
current each half cycle. Under steady state conditions, 
the amplitude of this pulse will be below that of an arc 



current, and can, therefore, be distinguished on that ba- 
sis. However, if the dimmer is used to control a tungsten 
bulb, the cold filament has a very low resistance on start- 
up, which produces a large initial pulse with subsequent 

5 pulses decaying in amplitude as the filament rapidly 
warms up. This characteristic of a dimmer has also been 
used to distinguish it from arc faults, but it still has been 
necessary to maintain the threshold for arc detection 
well above the handle rating to avoid nuisance tripping 

10 on a dimmer. 

[0006] As mentioned, carbon arc faults can strike in 
successive half cycles and thus look very similar to a 
dimmer. This presents a difficult challenge in meeting 
code requirements for a reliable response to carbon 

15 arcs while rejecting nuisance trips in response to a dim- 
mer including turn-on of a cold tungsten bulb. 
[0007] Known prior art apparatus which seeks to pro- 
vide immunity to dimmers energizing tungsten bulbs at- 
tempt to reduce the sensitivity of the detector to the dim- 

20 mer transient at cold turn-on. 

[0008] There is room therefore for improvement in de- 
tectors and circuit breakers providing protection in elec- 
trical circuits which are subject to the transient currents 
generated by cold turn-on of a tungsten bulb by a dim- 

25 mer. 

SUMMARY OF THE INVENTION 

[0009] The present invention rather than just reducing 

30 the sensitivity to transients caused by dimmers energiz- 
ing atungsten bulb during cold turn-on, disables the arc 
fault detector under these conditions to provide com- 
plete immunity to the phenomenon. The invention is ap- 
plicable to arc fault detectors and to circuit breakers in- 

35 corporating arc fault detectors which respond to pulses 
generated for each step change in current in the ac elec- 
trical circuit. The response means generating the arc 
signal is disabled when the pulses track within a prede- 
termined margin the pulses generated by a dimmer un- 

40 der certain conditions such as those created by a dim- 
mer energizing a cold tungsten bulb. 
[0010] More particularly, the invention relates to ap- 
paratus for detecting arc faults generating step changes 
in current each time an arc is struck in an ac electrical 

^5 circuit having a dimmer generating in successive half 
cycles step changes in current which, undercertain tran- 
sient conditions, produce a dimmer transient current in 
which the step changes in current decay in amplitude in 
successive half cycles approximately exponentially 

50 from an initial transient value to a steady state value. 
The apparatus comprises pulse generating means for 
generating a pulse signal having a pulse for each step 
change in current in the ac electrical circuit, and re- 
sponse means responsive to repeated pulses generat- 

55 ed by the step changes in current above the steady state 
value for generating an arc signal. The apparatus further 
includes disabling means responsive to the pulse signal 
for preventing the response means from generating the 
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arc signal when the pulses in the pulse signal track the 
dimmer transient current within a predetermined mar- 
gin. 

[0011] In accordance with a preferred embodiment, 
the disabling means comprises a peak detector gener- 
ating a decaying peak signal which is initially proportion- 
al to the initial value of the step change in the dimmer 
transient current under these certain conditions and 
which then decays, preferably approximately exponen- 
tially. The disabling means can include tracking means 
for tracking the decaying peak signal and generating a 
disable signal only so long as the amplitude of the pulse 
signal remains less than an upper percentage of the de- 
caying peak signal and more than a lower percentage 
of the decaying peak signal. Also preferably, the tracking 
means includes a first timer blocking generation of the 
disable signal until the pulse signal has remained less 
than the upper limit for a selected time period. This time 
period can be a predetermined number of half cycles of 
the ac current, for example, at least three half cycles. 
The tracking means can also include a second timer 
blocking generation of the disable signal when the pulse 
signal does not exceed the lower percentage of the de- 
caying peak signal during each half cycle. 
[001 2] The peak detector can also include a reference 
signal generator generating a first reference signal 
which is the upper percentage of the decaying peak sig- 
nal and a second reference signal which is the lower 
percentage of the decaying peaksignal. In this case, the 
tracking means can include a first comparator compar- 
ing the pulse signal to the first reference signal, a second 
comparator comparing the pulse signal to the second 
reference signal and logic means generating the disable 
signal when the first comparator indicates that the pulse 
signal is less than the first reference signal and the sec- 
ond comparator indicates that the pulse signal is more 
than the second reference signal. Where the logic is dig- 
ital, the tracking means can include blocking means for 
delayingthefirstcomparatorfromsettingthedigital logic 
for generating a disable signal until the pulse signal re- 
mains below the first reference signal for a predeter- 
mined number of half cycles. The tracking means can 
also include second blocking means setting the logic to 
blockthe generation of the disable signal when the pulse 
signal does not exceed the second reference signal dur- 
ing a half cycle. 

[0013] The invention also embraces a circuit breaker 
incorporating an arc fault detector as described. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0014] A full understanding of the invention can be 
gained from the following description of the preferred 
embodiments when read in conjunction with the accom- 
panying drawings in which: 

Figure 1 is a plot of a statistical analysis of the range 
of decay rates for a dimmer energizing a cold tung- 



sten bulb. 

Figure 2 is a plot of dimmer current which has been 
passed through a bandpass filter illustrating the de- 
caying peak value of the resulting pulses plotted 
5 against upper and lower exponentially decaying 
limits. 

Figure 3 is a schematic diagram, mostly in block 
form of a circuit breaker incorporating an arc fault 
detector in accordance with the invention. 

10 Figure 4 is a schematic circuit diagram of a disabling 
circuit in accordance with the invention which is part 
of the circuit breaker of Figure 3 that disables gen- 
eration of an arcing signal in response to cold turn- 
on of a tungsten bulb energized by a dimmer. 

15 Figure 5 is a waveform diagram illustrating the re- 
sponse of a portion of the circuit of Figure 4 to a 
carbon arc. 

Figure 6 is a waveform diagram illustrating the re- 
sponse of a portion of the circuit of Figure 4 to a 
20 random arc. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

25 [001 5] As mentioned, the major distinguishing trait of 
a dimmer controlled incandescent lamp is the extremely 
high step increase in current as it is turned on. These 
large current steps continue for multiple half-cycles until 
the lamp filament reaches operating temperature and 
30 then settles below a minimum level. In general, this de- 
cay in magnitude is monotonic and nearly exponential. 
A statistical analysis shows that the dimmer decay rate 
under these transient conditions falls within a defined 
range, or corridor, bounded by an upper limit 1 and a 
35 lower limit 3 plotted in Figure 1 . It has been found that 
if the magnitudes of successive step changes in current 
lie within this corridor, the likelihood of the load being a 
dimmer energizing a cold tungsten bulb is quite high. In 
fact, simulations of actual load waveform data have 
40 shown that a dimmer could be reliably detected after on- 
ly 3 to 4 half cycles of 60 Hz line current. As shown in 
the plot of Figure 2 where the step changes in current 
generated by a dimmer load of 1.45 kW at 20% duty 
cycle have been converted by a bandpass filterto pulses 
45 shown by the trace 5, all of the peaks of the pulses in 
the trace 5 after the initial pulse lie within the corridor 
defined by the upper and lower thresholds of 1 and 3 for 
multiple half cycles after the initial peak. 
[0016] The invention utilizes this phenomenon to dis- 
50 criminate between arc faults and turn-on of a dimmer 
controlled incandescent bulb. Figure 3 illustrates sche- 
matically such a circuit breaker. The circuit breaker 11 
provides protection for an ac electrical circuit 13, which 
includes a line conductor 15 and a neutral conductor 17, 
55 The circuit breaker 11 includes separable contacts 19 
which are opened and closed by an operating mecha- 
nism 21 . A thermal magnetic trip device 23 includes a 
bi-metal 25 which responds to persistent overcurrents 
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to trip the operating mechanism 21 and open the sepa- 
rable contacts 19 and a magnetic armature 27 which 
trips the operating mechanism in response to instanta- 
neous overcurrents, all as is well known. 
[0017] The circuit breaker 1 in addition includes an 
electronic trip circuit 29 which incorporates a ground 
fault detector 31 and an arc fault detector 33. The 
ground fault detector 31 , which can be of any well known 
type, responds to ground faults by operating silicon rec- 
tifier (SCR) trip circuit 35 which actuates the operating 
mechanism 21 to open separable contacts. 
[0018] The arc fault detector 33 is of the general type 
which responds to the step increases in current gener- 
ated when an arc is struck, an example of which is de- 
scribed in U.S. Patent No. 5,805,398. Such an arc fault 
detector 33 includes a pulse generator 37 and a re- 
sponse circuit 39. The pulse generating circuit 37 in- 
cludes a bandpass filter 41 which generates a pulse in 
response to each step increase in current in the ac elec- 
trical circuit which is detected by a shunt connection 
formed by the leads 43 monitoring the voltage drop 
across the resistance of the bi-metal 25. The pulses out- 
put by the bandpass filter 41 have an amplitude which 
is proportional to the amplitude of the step increases in 
the current in the ac electrical system. The pulse gen- 
erating circuit 37 includes a full wave rectifier 45, a peak 
detector 47 and a zener clamp 49 to generate unipolar 
pulses which are limited in amplitude by the zener 
clamp. The zener clamp 49 reduces the effect of the 
large pulses generated by the inrush current produced 
by incandescent bulb turn-on under dimmer control, but 
still takes such pulses into account. The response circuit 
produces a time-attenuated accumulation of the pulses 
generated by the pulse generator 37 and actuates the 
SCR trip circuit 35 if the accumulation reaches a trip val- 
ue. 

[001 9] The present invention adds to the arc fault de- 
tector 33 a disabling circuit which prevents generation 
of the arc fault signal upon detection of a pattern in the 
pulses indicative of turn-on of a dimmer controlled in- 
candescent bulb. The disabling circuit 51 includes a 
buffer 53 which applies the current pulse signal to a 
tracking circuit 54, which includes a first voltage compa- 
rator 55 and a second voltage comparator 57 which 
track the pulse signal to determine if it remains within 
the corridor discussed in connection with Figure 1 . This 
is accomplished by comparing the pulse signal in the 
first voltage comparator 55 to a first reference signal 
which represents the upper limit of the corridor and com- 
paring it in the second voltage comparator to a second 
reference signal representing the lower limit of the cor- 
ridor. These reference signals are generated by a de- 
caying peak signal generator 59. 
[0020] In order to assure the presence of an incan- 
descent bulb turned on by a dimmer, the pulse signal 
must remain below the upper limit for a selected time 
period which can be a number of half cycles such as, 
for instance, at least three half cycles. This selected time 



interval is established by a first timer 61 . In addition, the 
pulse signal must exceed the lower limit during each half 
cycle. This is determined by a second timer 63 which 
switches a latch 65 if the second voltage comparator 57 

5 does not detect the pulse signal rising above the lower 
limitforthe interval of a half cycle. The first timer 61 pre- 
vents logic 67 from generating a disable signal to block 
generation of an arc signal by the SCR trip circuit 35 
until the first timer 61 indicates that the pulse signal has 

10 stayed below the upper limit for the selected number of 
half cycles as long as the second timer 63 has not timed 
out, indicating that the lower limit has been exceeded in 
each half cycle. 

[0021] A schematic circuit diagram of the disabling cir- 
15 cuit 51 is shown in Figure 4. While in Figure 3 the buffer 
53 received a full wave rectified output of the bandpass 
filter 41 , the buffer 68 in Figure 4 alternatively incorpo- 
rates a precision full wave rectifier and receives the 
pulse signal directly from the bandpass filter 41. This 
20 buffer rectifier 68 includes an ac coupling capacitor 69, 
a first op amp 71 and a second op amp 73. The pulse 
signal is applied to the inverting input of each of these 
op amps. The first op amp 71 with its feedback circuits 
serves as a half wave rectifier and the second op amp 
25 73 sums the input pulse signal and the output of the half 
wave rectifier. For negative input pulses, thefirst op amp 
71 has no output and the second op amp 73 produces 
a positive pulse having an amplitude which is minus the 
ratio of resistor 75 to resistor 77. For positive input puls- 
30 es, the output of the first op amp 71 goes low to draw 
current through the resistor 79. The second op amp 73 
sums the currents through resistors 79 and 77. The val- 
ue of the resistor 79 is made one-half the value of the 
resistor 77 so that the output gain is the same for positive 
35 and negative input pulses. 

[0022] The peak detector 59 includes a capacitor 81 
which is charged through the diode 83 and is shunted 
by the series connection of resistors 85, 87, 89. As the 
initial pulse will have the greatest amplitude for turn-on 
40 of a cold tungsten bulb by a dimmer, the voltage across 
the capacitor 81 will decay, generally exponentially with 
the time constant determined by the values of the ca- 
pacitor 81 and the resistors 85, 87 and 89. These resis- 
tors also form a voltage divider which produces a first, 
45 upper reference signal which is applied to the noninvert- 
ing input of the first voltage comparator 55 and asecond, 
lower reference signal which is applied to the inverting 
input of the second voltage comparator 57. In the exem- 
plary circuit, the values of the resistors 85, 87, 89 are 
50 selected so that the upper reference is approximately 
90% of the decaying peak voltage while the lower refer- 
ence signal is approximately 40%. A minimum value for 
the lower reference is set by a transistor 91 which is bi- 
ased by a potentiometer 93. 
55 [0023] The output of the first voltage comparator 55 
is connected through the first timer 61 to digital logic 67 
in the form of a NAND gate. The first timer 61 includes 
a capacitor 95 and a resistor 97. The node 98 between 
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the capacitor 95 and resistor 97 is connected to the out- 
put of the first comparator 55 tlirougli diode 99. Wlien 
there is no pulse signal input to the disabling circuit, the 
output of the comparator 55 is low and the capacitor 95 
discharges through the diode 99. If an incandescent 
bulb powered by a dimmer is turned on, the initial pulse 
applied to the inverting input of first comparator 55 will 
be above the reference voltage to hold the output low. 
As the bulb heats up, the pulses will decay and their am- 
plitude will be less than the upper limit reference applied 
to the first voltage comparator 55 so that the output will 
go high. This allows the capacitor 95 to begin to charge 
through the resistor 97 and after three to four half cycles 
with the pulse signal remaining above the upper limit, 
the input applied to the NAND 67 will be high. If at any 
time before then, the pulsesignal exceedsthe upper ref- 
erence signal applied to the first comparator 55, the out- 
put will again go low to immediately discharge the ca- 
pacitor 95 and reset the timing interval. 
[0024] The second timer 63 connected to the output 
of the second voltage comparator 57 includes a capac- 
itor 101 in series with a resistor 103 and a voltage 
source. The node between the capacitor 101 and the 
resistor 103 is connected to the output of the second 
voltage comparator 57 through diode 105. This node is 
also connected to the set input of the latch 65 formed 
by a SR flip-flop. If there is no pulsesignal, the bias volt- 
age applied to the inverting input of the second voltage 
comparator 57 causes the output to go low and there- 
fore, the voltage at the node 107 is at system ground 
(plus 13 V) to apply a digital zero signal to the set input 
of the latch. If a pulse is applied to the disable circuit 51 
with a magnitude which exceeds the bias on the second 
voltage comparator 57, its output will go high to dis- 
charge the capacitor 1 01 and place a digital ONE on the 
set input of the latch 65. After each pulse the output of 
the second voltage comparator 57 goes low, and the ca- 
pacitor 101 begins to charge. However, the time con- 
stant is such that as long as a pulse greater than the 
lower reference percentage at least as great as the bias 
signal occurs each half cycle, a digital ON E will be con- 
tinuously applied to the set input of the latch. 
[0025] The SR flip-flop or latch 65 is formed by a pair 
of NANDs 109 and 111 . The set input is the lower input 
of NAND 111 and the reset input is the upper input of 
NAND 1 09. As mentioned, the set input is controlled by 
the second voltage comparator 57 through the second 
timer 63. The reset input is controlled by the first voltage 
comparator 55. When the output of the first voltage com- 
parator 55 is low, the reset input is pulled low through 
diodes 113 and 115. When the output of the first voltage 
comparator 55 goes high, the reset input of the flip-flop 
65 goes high. 

[0026] The output of the latch or flip-flop 65 is applied 
to the second input of NAND 67. With both inputs high, 
NAND 67 goes low to turn on a transistor 1 1 7 to gener- 
ate a disable signal preventing the turn-on of the SCR 
circuit 35, and therefore, blocl<ing generation of an arc 



signal. With no pulse signal, the output of the first volt- 
age comparator 55 is lowtopullthe upper inputto NAND 
67 low, which keeps the transistor 1 1 7 turned off, there- 
by allowing the arc detection circuit to generate an arc- 

5 ing signal if warranted. 

[0027] When an Incandescent bulb controlled by a 
dimmer is turned on, the first pulse keeps the output of 
the first voltage comparator 55 low and the transistor 
117 remains turned off. As the pulses begin to decay, 

10 the output of the first voltage comparator 55 goes high 
as the decaying peak value of the pulses falls below the 
upper reference percentage. This resets the flip-flop 65, 
but the upper input to the NAND 67 is kept low by the 
first timer 61. With a pulse exceeding the lower refer- 

15 ence percentage each cycle, a digital ONE is applied to 
the set input of the flip-flop 65. With ONEs on the set 
and reset inputs, the latch 65 puts a ONE on the lower 
input of NAND 67 which stays high because of the upper 
input. As long as the pulse signal amplitude remains be- 

20 low the upper reference percentage, but above the low- 
er, the first timer 61 times out after about three or four 
half cycles, and NAND 67 will turn on transistor 117 in- 
dicating a dimmer. 

[0028] With time, the incandescent bulb wanns up 
25 and the pulses generated by the dimmer stabilize in am- 
plitude. As can be seen from Figure 2, the upper and 
lower reference signals 7 and 9, respectively, continue 
to decay and eventually, after an additional number of 
half cycles (8 in the example), the upper limit falls below 
30 the steady state amplitude of the pulses generated by 
the dimmer. This causes the output of the first voltage 
comparator 55 to go low resulting in turn-off of the tran- 
sistor 117 and tennination of the disable signal as the 
output of NAND 67 goes high. In a similar manner, if the 
35 pulses output by the bandpass filter 41 are the result of 
arcing, rather than a dimmer, they will be random in both 
repetition rate and amplitude, so that the upper refer- 
ence will be repetitively exceeded before the timer 61 
times out, thereby keeping the output of NAND 67 high 
40 and the transistor 11 7 turned off. 

[0029] The randomness of an arcing signal will also 
result in a half cycle during which the amplitude of the 
pulse signal will not exceed the lower reference signal. 
This means that the output of the second voltage com- 
^5 parator 57 remains low long enough forthe second timer 
63 to time out changing the set input to the latch 65 from 
a ONE to a ZERO. As the pulse signal under these cir- 
cumstances will also have an amplitude which is below 
the upper reference signal, so that the output of the first 
50 voltage comparator is high and a ONE is applied to the 
reset input of the latch 65, the output of the latch will go 
low to make the output of NAND 67 high blocking the 
generation of disable signal by holding transistor 1 1 7 off . 
Even though subsequent pulses exceed the lower ref- 
55 erence to again apply a ONE to the set input of the latch 
65, the output will not change back to a ONE until the 
pulse amplitude again exceeds the upper reference. 
[0030] Thus, the disable circuit 51 detects turn-on of 
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a dimmer controlled incandescent bulb within 3-4 half 
cycles and blocks the generation of a false arcing signal, 
but resets after about eight half cycles. It should be not- 
ed that if at any time a true arc occurs, the disable circuit 
is reset because the upper reference limit will be ex- 
ceeded. Figure 5 illustrates operation in response to a 
carbon arc load in which pulses are generated in virtu- 
ally every half cycle, butvary in amplitude. Itcan be seen 
that the first timer never has an opportunity to time out 
because subsequence peaks exceed the upper refer- 
ence limit within the timing interval of the first, long pe- 
riod timer 61 . These peaks reset both timers. Figure 6 
illustrates the pattern of pulses plotted against the upper 
and lower reference signals in response to random arc- 
ing which is simulated by guillotine severance of an elec- 
trical conductor. Such an arc is more sporadic than a 
carbon arc. There are periods of time following an initial 
pulse during which no pulse greater than the lower ref- 
erence threshold occurs. Thus, the second, short period 
timer 63 is not held in reset and times out before the 3 
to 4 half cycles have passed. Therefore, the NAND 67 
remains in the ONE state keeping the transistor 117 
turned off indicating the absence of a dimmer, 
[0031] While specific embodiments of the invention 
have been described in detail, it will be appreciated by 
those skilled in the art that various modifications and al- 
ternatives to those details could be developed in light of 
the overall teachings of the disclosure. Accordingly, the 
particular arrangements disclosed are meant to be illus- 
trative only and not limiting as to the scope of the inven- 
tion which is to be given the full breadth of the claims 
appended and any and all equivalents thereof. 



Claims 

1. Apparatus (33) for detecting arc faults generating 
step changes in current each time an arc is struck 
in an ac electrical circuit (13) having a dimmer gen- 
erating in successive half cycles step changes in 
current which under certain transient conditions 
produce a dimmer transient current in which the 
step changes in current decay in amplitude in suc- 
cessive half cycles approximately exponentially 
from an initial transient value to a steady state val- 
ue, the apparatus comprising: 

pulse generating means (37) for generating a 
pulse signal having a pulse for each step 
change in current in the ac electrical circuit; 
response means (35,39) responsive to repeat- 
ed pulses generated by step changes in current 
above the steady state value for generating an 
arc signal; and 

disabling means (51) responsive to the pulse 
signal for preventing the response means from 
generating the arc signal when the pulses in the 
pulse signal track the dimmer transient current 



within a predetermined margin. 

2. The apparatus (33) of Claim 1 , wherein the disa- 
bling means (51) compnses a peak detector (59) 

5 generating a decaying peak signal which is initially 
proportional to the initial value of the step change 
in dimmer transient current and which then decays. 

3. The apparatus (33) of Claim 2, wherein the decay- 
10 ing peak signal decays approximately exponential- 
ly- 

4. The apparatus (33) of Claim 2, wherein the disa- 
bling means (51) further includes tracking means 

15 (54) for tracking the decaying peak signal and gen- 
erating a disable signal disabling the response 
means (35) only so long as amplitude of the pulse 
signal remains less than an upper percentage of the 
decaying peak signal and more than a lower per- 
20 centage of the decaying peak signal. 

5. The apparatus (33) of Claim 4, wherein the tracking 
means (54) include a first timer (61) blocking gen- 
eration of the disable signal until the pulse signal 

25 has remained less than the upper percentage of the 
decaying pulse signal for a selected time period. 

6. The apparatus (33) of Claim 5, wherein the selected 
time period is a predetermined number of half cy- 

30 cles of the ac current. 

7. The apparatus (33) of Claim 6, wherein the number 
of half cycles is at least three. 

35 8. The apparatus (33) of Claim 5, wherein the tracking 
means (54) further includes a second timer (63) 
blocking generation of the disable signal when the 
pulse signal does not exceed the lower percentage 
of the decaying peak signal during each half cycle 
40 of the ac current. 

9. The apparatus (33) of Claim 4, wherein the peak 
detector (59) includes a reference signal generator 
(85,87,89) generating a first reference signal which 

45 is the upper percentage of the decaying peak signal 
and a second reference signal which is the lower 
percentage of the decaying peak signal, and where- 
in the tracking means (54) comprises a first compa- 
rator (55) comparing the pulse signal to the first ref- 
50 erence signal, a second comparator (57) comparing 
the pulse signal to the second reference signal, and 
logic means (67) generating a disable signal when 
the first comparator indicates that the pulse signal 
is less than the first reference signal and the second 
55 comparator indicates that the pulse signal is more 
than the second reference signal. 

10. The apparatus (33) of Claim 9, wherein the logic 
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(67) is digital logic and the tracking nneans (54) in- 
cludes first blocking means (61 ) for delaying thefirst 
connparator from setting the digital lock logic for 
generating the disable signal until the pulse signal 
has remained below the first reference signal for a 
predetemnined number of half cycles. 

11. The apparatus (33) of Claim 10, wherein the track- 
ing means (54) includes second blocking means 
(63,65) setting the digital logic to block generation 
of the disable signal when the pulse signal does not 
exceed the second reference signal during a half 
cycle. 

12. The apparatus (33) of Claim 11, wherein the first 

and second blocking means (61 ,63) comprise a ca- 
pacitor (95,101) and a resistor (97,103) connected 
in series between a voltage source and ground, and 
a diode (99,105) connected to a node (98,107) be- 
tween the capacitor and the resistor and the respec- 
tive comparator (55,57), the node also being con- 
nected to the digital logic (67). 

13. An arc fault circuit breaker (11) providing protection 
from arc faults generating step changes in current 
each time an arc is struck in an ac electrical circuit 
(13) having the dimmer generating in successive 
half cycles step changes in current which under cer- 
tain transient conditions produce a dimmer tran- 
sient current in which the step changes in current 
decay in amplitude in successive half cycles ap- 
proximately exponentially from an initial transient 
value to a steady state value, the circuit breaker 
comprising: 

separable contacts (19); 
an operating mechanism (21) opening the sep- 
arable contacts in response to atrip signal; and 
a trip unit (23) generating a trip signal in re- 
sponse to selected current conditions in the 
electrical circuit, and including an arc fault de- 
tector (33) generating a trip signal in response 
to an arc fault, the arc fault detector comprising: 

pulse generating (37) means for generat- 
ing a pulse signal having a pulse for each 
step change in current in the AC electrical 
circuit; 

response means (35,39) responsive to re- 
peated pulses generated by step changes 
in current above the steady state value for 
generating the trip signal; and 
disabling means (51) responsive to the 
pulse signal for preventing the response 
means for generating the arc signal when 
the pulses in the pulse signal track the dim- 
mer transient current within a predeter- 
mined margin. 



14. The circuit breaker (1) of Claim 13, wherein the dis- 
abling means (51 ) comprises a peak generator (59) 
generating a decaying peak signal which is initially 
proportional to the initial value of the step change 
in dimmer transient current and which then decays 
approximately exponentially, and tracking means 
(54) for tracking the decaying peak signal and gen- 
erating a disable signal which disables the re- 
sponse means from generating a trip signal only so 
long as the amplitude of the pulse signal remains 
less than an upper percentage of the decaying peak 
signal and more than a lower percentage of the de- 
caying peak signal. 

15. The circuit breaker of Claim 14, wherein the tracking 
means (54) includes a first timer (61 ) blocking gen- 
eration of the disable signal until the pulse signal 
has remained less than the upper percentage of the 
decaying peak signal for a predetermined number 
of half cycles and a second timer (63) blocking gen- 
eration of the disable signal when the pulse signal 
does not exceed the lower percentage of the decay- 
ing peak signal during each half cycle. 
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